Ashcroft's empty core (EMC) model potential is used to study the superconducting state parameters (SSPs) viz. electron-phonon coupling strength λ, Coulomb pseudopotential µ * , transition temperature T C , isotope effect exponent αand effective interaction strength N O V of some binary metallic glasses based on the superconducting (S), conditional superconducting (S') and non-superconducting (NS) elements of the periodic table. 
Introduction
The field of electron correlation in condensed matter, especially superconductivity, is one of the dynamic areas in condensed matter physics which involves discoveries of new and existing phenomena, novel materials and devices for sophisticated technological applications. During the last few years, superconducting metallic glasses based on various simple as well as transition metals have been obtained and studied by various researchers. The study of SSPs of metallic glasses may be of great help in deciding their applications; the study of the dependence of the transition temperature T C on the composition of metallic glass is helpful in finding new superconductors with high T C . Experiments also show that the superconducting transition temperature T C is grater for amorphous metals than for crystals, which also depends on the composition of the metallic element in the crystalline as well as amorphous phases . Though the pseudo-potential theory is found very successful in studying the various properties of metallic glasses, there have been very few random attempts to study the superconducting state parameters (SSPs) of binary metallic glasses based on model potential [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . The application of a pseudo-potential to a binary metallic glass involves the assumption of pseudoions with average properties, which are assumed to replace two types of ions in the binary systems. A gas of free electrons is assumed to permeate them. The electron pseudo-ion is accounted for by the pseudo-potential, and the electron-electron interaction is involved through a dielectric screening function. For successful prediction of the superconducting properties of the metallic glasses, the proper selection of the pseudo-potential and screening function is very essential .
Thus far, from the very large numbers of metallic glasses, the SSPs of only few metallic glasses are reported based on the pseudo-potential. Recently, Vora et al. [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] have studied the SSPs of some metals, in based binary alloys, alkali-alkali binary alloys, Cu 100− Zr metallic glasses and a large number of metallic glasses based on the various elements of the periodic table and using a single parametric model potential formalism. The SSPs of Ca 70 Mg 30 metallic glass have been reported by Gupta et al. [23] and Sharma et al. [24] . The study of SSPs on Mg 70 Zn 30 glass was made by Agarwal et al. [25] and Gupta et al. [26] . They have used Ashcroft's empty core (EMC) model potential [28] in the computation of the SSPs. The screening dependence of the SSPs of Ca 70 Mg 30 metallic glass has been studied by Sharma and Sharma [27] using Ashcroft's empty core (EMC) model potential [28] , Sharma and Kachhava's linear potential [29] and Veljkovic and Slavic [30] model potential. The theoretical investigation of the SSPs of Cu-Zr metallic glasses has been reported by Sharma et al. [18] [19] [20] . In most of these studied, Ashcroft's empty core (EMC) model potential [28] is adopted in the calculation. But, nobody has used Hartree (H) [31] , Taylor (T) [32] , Ichimaru-Utsumi (IU) [33] , Farid et al. (F) [34] and Sarkar et al. (S) [35] local field correction functions in their computation of the SSPs. In the present computation, the use of the pseudo-alloy-atom model (PAA) is proposed and found successful. It is well established that pseudo-alloyatom (PAA) is a more meaningful approach to explain such types of interactions in binary systems [3, 4, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
The theoretical investigation of the SSPs of the metallic glasses used in the present computation is almost negligible in literature. Nobody has reported theoretical studies of the SSPs of the metallic glasses used under investigation to our knowledge. Hence, the present article's main objective reports for the first time the theoretical investigation of the SSPs of binary metallic glasses. Also, a focus is to verify the applicability of various forms of the local field correction as well as to predict the values of SSP which have not been measured before using well known and most recent local field correction functions.
Therefore, in the present paper, for the frist time, we under took the investigation of the SSPs viz. electron-phonon coupling strength λ, Coulomb pseudopotential µ * , transition temperature T C , isotope effect exponent αand effective interaction strength N O V of some binary metallic glasses based on the superconducting (S), conditional superconducting (S') and non-superconducting (NS) elements of the periodic table on the basis of Ashcroft's empty core (EMC) model potential [28] . Five local field correction functions proposed by Hartree (H) [31] , Taylor (T) [32] , Ichimaru-Utsumi (IU) [33] , Farid et al. (F) [34] and Sarkar et al. (S) [35] are used for the first time in the present investigation to study the screening influence on the aforesaid properties.
Computational technique
In the present investigation for binary metallic glasses, the electron-phonon coupling strength λ is computed using the relation [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] 
whereby is the band mass, M the ionic mass, Ω O the atomic volume, F the Fermi wave vector, V ( ) the screened pseudopotential and ω 2 the averaged square phonon frequency, of the binary glassy alloy, respectively. The effective averaged square phonon frequency ω 2 is calculated using the relation given by Butler [36] , ω 2 1/2 = 0 69θ D , where θ D is the Debye temperature of the metallic glasses. Using X = /2 F and Ω O = 3π 2 Z /( F ) 3 , we get Eq. (1) in the following form,
where Z and W (X ) are the valence of the metallic glasses and screened EMC pseudo-potential [28] for binary mixture, respectively. The well known PAA screened Ashcroft's empty core (EMC) model potential [28] used in the present computations of the SSPs of binary metallic glasses is of the form,
here C is the parameter of the model potential of binary metallic glasses. The Ashcroft's empty core (EMC) model potential is a simple one-parameter model potential [28] , which has been successfully found for various metallic complexes [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . When used with a suitable form of dielectric screening functions, this potential has also been found to yield good results in computing the SSPs of metallic glasses [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] 25 metallic glass, the model potential parameter C is fitted with the experimental data of the electron-phonon coupling strength λ, which came from the experimental tunneling data [37] . After fitting the model potential parameter C , same C is then used in the computation of the SSPs of binary metallic glasses. The Coulomb pseudopotential µ * is given by [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] 
Where E F is the Fermi energy, the mass of the electron, θ D the Debye temperature and ε (X ) the modified Hartree dielectric function, which is written as [31] 
Here ε H (X ) is the static Hartree dielectric function [31] and the expression of ε H (X ) is given by [31] ,
while (X ) is the local field correction function. In the present investigation, the local field correction functions due to H [31] , T [32] , IU [33] , F [34] and S [35] are incorporated to determine the impact of exchange and correlation effects. The details of all the local field corrections are below. The H-screening function [31] is purely static, and it does not include the exchange and correlation effects. The expression of it is as follows:
(X ) = 0 (7) Taylor (T) [32] has introduced an analytical expression for the local field correction function, which precisely satisfies the compressibility sum rule. This is the most commonly used local field correction function and covers the overall features of the various local field correction functions proposed before 1972. According to Taylor (T) [32] ,
The Ichimaru-Utsumi (IU)-local field correction function [33] is a fitting formula for the dielectric screening function of the degenerate electron liquids at metallic and lower densities; this accurately reproduces the MonteCarlo results as well as also satisfying the self consistency condition in the compressibility sum rule and short range correlations. The fitting formula is
On the basis of Ichimaru-Utsumi (IU) [33] local field correction function, Farid et al. (F) [34] have given a local field correction function as follows:
Based on Eqs. (9)- (10), Sarkar et al. (S) [35] have proposed a simple form of local field correction function, which is as follows:
Where Q = 2X . The parameters
and C S are the atomic volume dependent parameters of IU, F and S-local field correction functions. The mathematical expressions of these parameters are narrated in the respective papers of the local field correction functions [33] [34] [35] .
After evaluating λ and µ * , the transition temperature T C and isotope effect exponent α are investigated from the McMillan's formula [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] 
The expression for the effective interaction strength N O V is studied using [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] ]
Results and discussion
The input parameters are other constants used in the present computation of the SSPs of some metallic glasses as shown in Table 1 . To determine the input parameters and various constants for PAA model, the following definitions for binary metallic glasses A 1−C B C are adopted [3, 4, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] ,
Where C is the concentration factor of the second metallic component.
The presently calculated results of the SSPs of some metallic glasses of superconducting (S) (Al, Zn, Ga, Zr, Nb, In, Sn, Pb, Mo, Re and La ), conditional superconducting (S') (Si, Ge and Bi) and non-superconducting (NS) (Cu, Ag, Au, Co, Ni and Pd) elements of the periodic table are tabulated in Tables 2-6 with the experimental [37] findings. Here, the SSPs of binary metallic glasses are tabulated in five different categories viz. superconducting-superconducting (S-S) elements, superconducting-conditional superconducting (S-S') elements, superconducting-non superconducting (S-NS) elements, non superconducting-conditional superconducting (NS-S') elements and non superconductingsuperconducting (NS-S) of the periodic table.
The calculated values of the electron-phonon coupling strength λ for all binary metallic glasses using five different types of the local field correction functions with EMC model potential, are shown in Tables 2-6 with available experimental data [37] in the literature. The present study demonstrates the percentile influence of the various local field correction functions in respect to the static H-screening function on the electron-phonon coupling strength λ as 12.99%-69.25%. Also, the H-screening yields the lowest values for λ, whereas the values obtained from the F-function are the highest. The present results agree with the available experimental [37] data. The increase in λ shows a gradual transition from a weak coupling behaviour to an intermediate coupling behaviour of electrons and phonons; these may be attributed to an increase in the hybridization of sp-d electrons.
The computed values of the Coulomb pseudopotential µ * , which accounts for the Coulomb interaction between the conduction electrons, obtained from the various forms of the local field correction functions, are tabulated in Ta According to the PAA model, the input parameters are used in the computations of electron-phonon coupling strength λ and the Coulomb pseudopotential µ * , which are used in the computation of the transition temperature T C . Tables 2-6 contain calculated values of the transition temperature T C for all binary metallic glasses computed from the various forms of the local field correction functions along with the experimental [37] findings. It can be gleaned from Tables 2-6 that the static H-screening function yields the lowest T C , whereas the F-function yields the highest values of T C . The present results obtained from the H-local field correction functions agree with available experimental [37] data. But the results produced from the other local field correction functions are found in order. The reason behind this order is that the model potential parameter is not fitted well with the particular local field corrections, which may be avoided by varying the model potential parameter. These problems will be addressed and communicated in the near future. In the present work, we have used a common fitting pro-cedure for the selection of the model potential parameter. In fact, the present study spans the proper tests of the local field correction function. Also, the above observations indicate that simple metallic glasses having a low valance of one or two, tend to have a low T C , while those involving a high valence (more than two) tend to have a higher T C . Perhaps only exceptions in the results of the T C of the divalent Be based metallic glasses where high T C is observed likely to be due to unusually high Debye temperature of Be metallic elements. The lower values of T C for Zr 35 20 Sn 80 metallic glasses may be due to the electron transfer between two metallic elements. The increase in T C has also been attributed to the excitonic mechanism resulting from the granular structure separated by semiconducting or insulating materials [1] .
The presently computed values of the T C are found in range which is suitable for the further application exploration of the metallic glasses and the usage like lossless transmission line for cryogenic applications. Most of the metallic glasses show good elasticity and they could be drawn in the form of transmission wires, therefore having a good chances of being used as superconducting transmission lines at low temperatures in the order of 7 K.
The values of the isotope effect exponent α are tabulated in Tables 2-6 . The computed values of the α show a weak dependence on the dielectric screening, as its value is lowest for the H-screening function and highest for the F-function. The negative value of α is observed in some binary metallic glasses, which indicates that the electronphonon coupling in these metallic complexes do not fully explain all the features regarding their superconducting behaviour. It may be due to the magnetic interactions of the atoms in these metallic complexes. The electronphonon coupling strength λ is dependent on the D (E F ), the total density of states at Fermi energy E F . For binary metallic glasses, the photoemission measurements showed that the d-band is split into the following two components: one crossing the Fermi level which arises from the A-element, the other due to the B-element of the alloy is below E F . The relative intensities of these two components vary strongly depending on the concentrations. Such a band splitting is a well known effect in concentrated alloys where nuclear charges or exchange fields of the components differ sufficiently. Then each alloy components has its own d-band. and has a minimum overlap with the 3d bands of the other components. The important point is that the B-element of the alloy provides the main contribution to the density of states at E F [39] . Therefore, as the concentration of the B-element of the alloy element increases, the magnetic interactions of the atoms increase in metallic complexes. This may be due to the negative values of α in the present computation. Also, the electron-lattice interactions are not deeply involved in this case which may cause the negative α. Since the experimental value of α has not been reported in the literature so far, the present data of α may be used for the study of ionic vibrations in the superconductivity of amorphous substances.
The values of the effective interaction strength N O V are listed in Tables 2-6 All the metallic glasses are based on superconducting (S) (Al, Zn, Ga, Zr, Nb, In, Sn, Pb, Mo, Re and La ), conditional superconducting (S') (Si, Ge and Bi) and nonsuperconducting (NS) (Cu, Ag, Au, Co, Ni and Pd) elements of the periodic table. Most of the amorphous alloys exhibit the superconductivity phenomena under pressure or as a thin film. But, in this instance, these theoretical computations show all the metallic glasses of different elements of the periodic table accurately exhibiting a superconducting nature. The nature of the parameters of the superconductivity is highly affected by the nature of the elements of the periodic table. This may be the reason that the composing elements of the metallic glasses have played an important role in the nature of the SSPs.
The main differences of the local field correction functions play an important role in the production of the SSPs of binary metallic glasses. The Hartree (H) dielectric function [31] is purely static and it does not include the exchange and correlation effects. Taylor (T) [32] has introduced an analytical expression for the local field correction function, which satisfies the compressibility sum rule exactly. The Ichimaru-Utsumi (IU)-local field correction function [33] is a fitting formula for the dielectric screening function of the degenerate electron liquids at metallic and lower densities, which accurately reproduces the Monte-Carlo results as well as also satisfies the self consistency condition in the compressibility sum rule and short range correlations. Therefore, the Ichimaru-Utsumi (IU)-local field correction function [33] agrees best with the experiment of the EMC model potential and is also found suitable for the present experiment. On the basis of the Ichimaru-Utsumi (IU)-local field correction function [33] , Farid et al. (F) [34] and Sarkar et al. [35] have given a local field correction function. Hence, IU-and F-functions represent the same characteristic nature of the SSPs. Also, the SSPs computed from Sarkar et al. [35] local field correction are found to qualitatively agree with the available experimental data [37] .
The effect of local field correction functions plays an important role in the computation of λ and µ * , making a drastic variation on T C , α and N O V . The local field correction functions due to IU, F and S are able to generate consistent results regarding the SSPs of the binary metallic glasses based on the superconducting (S), conditional superconducting (S') and non-superconducting (NS) elements of the periodic table as those obtained from more commonly employed H and T-functions. Thus, the use of these more promising local field correction functions is established successfully. The computed results of α and N O V do not demonstrate any abnormal values for all metallic glasses. Also, it is pointed out that the investigated systems are in the weak coupling regime. This means that instead of the strong coupling Eliashberg theory, one can use a much simpler BCS theory in the present computation of the binary systems. This is very well applicable to the metallic systems and of importance for future investigations as the BCS theory allows the calculation of almost all measurable quantities. In the strong coupling theory such calculations are much more difficult.
According to Matthias rules [40, 41] , the metallic glasses having Z <2 do not exhibit a superconducting nature. 29 metallic glasses are non-superconductors, but they exhibit superconducting nature in the present case. When we go from Z = 2.00 to Z = 6.70, the electron-phonon coupling strength λ changes with the lattice spacing "a". Similar trends are also observed in the values of T C for most of the metallic glasses. Hence, a strong dependency of the SSPs of the metallic glasses on the valence 'Z ' is found.
Literature shows that there is only theoretical or experimental data for forty-nine metallic glasses comparing SSPs. This comparison shows qualitative results and favours the applicability of the EMC model potential with the PAA approach for studying the SSPs of the binary metallic glasses. In contrast with the reported studies, the present study spans the metallic glasses based on the large number of the superconducting (S), conditional superconducting (S') and non-superconducting (NS) elements of the periodic table on a common platform of the model potential. Hence, the present investigation provides an important set of data for these metallic glasses which can be very useful for further theoretical or experimental comparisons..
Conclusions
The comparison of presently computed results of the SSPs of binary metallic glasses based on the large number of superconducting (S), conditional superconducting (S') and non-superconducting (NS) elements of the periodic table with available experimental findings are highly encouraging. This confirms the applicability of the EMC model potential and different forms of the local field correction functions. A strong dependency of the SSPs of metallic glasses on the valence 'Z' is found. The T C obtained from H-local field correction function are in excellent agreement with available experimental data. The experimentally observed values of the SSPs are not available for most of the metallic glasses; therefore it is difficult to draw any special conclusion However, the comparison with other such experimental data supports the present approach of PAA. Other multi-component metallic glasses studies on SSPs are in progress. 
